Throughout the annals of time, men even the prehistoric ones have been fascinated by the everexisting rhythmic processes in living systems. However, this idea wasn't completely in the open till 1797 when Hufeland proposed rhythmic events of life in relation to 24 hours or solar day as a prime unit of functional chronology 1 . In Florida, nose and throat surgeons found that hemorrhages in throat operation were 82% higher during the second quarter of the cycle of the moon than at other times 2 . Similarly, insulin sensitivity index was found to be lower during winter than summer in Swedish population 3 . Seasonal variations of HbA 1C in diabetic subjects and glycemic variations in healthy subjects have also been reported [4] [5] [6] . Thus, it seems that periodic biological events are intimately related to the non-biological cycles, whether terrestrial, astronomical, physical, electrical or others. But certainly it has been realized by the early scientists that the universe is rhythmic and displays incessant movement in the form of periodicity. The capacity to follow them, to oscillate, would enhance the survival potential of a species, including we, the human beings.
In 1843, nearly half a century after Hufeland's Publication, Chossat presented his report of 20 years of study on the changes in cloacal temperature of pigeons under various experimental conditions as to environmental temperature and nutrition 1 ' . Many enthusiastic scientists and clinicians then devoted themselves for basic understanding of the fundamentals of biological rhythms. In the 30's of the twentieth century, the periodic behavior of the normal blood glucose was characterized. In this case small meals were given regularly throughout the day and generally each meal produced a variable, transient increase. However, it was found that the glucose concentration often tended to drop somewhat at about 2 to 3 p.m. even if food was given 7 . The essential feature of this periodic behavior is that the blood glucose level is relatively stable, varying between 4.4 and 6.6 mM/L. It was discovered later, that under physiological conditions the blood glucose level is kept at around 5 mM/L in fasting mammals, including humans due to the pulsatile release of the glucostatic hormone insulin.
Pancreatic β β β β β-Cells and Calcium
Insulin is secreted from the pancreatic β-cells in a highly regulated fashion. Among the factors affecting insulin release, glucose is the most important physiological stimulant and is considered as the primary regulatory signal. [13] [14] [15] [16] [17] [18] .
Pancreatic β-cell's response to glucose is oscillatory. When glucose enters the β-cells through high capacity glucose transporters, its metabolism through glycolysis and Kreb's cycle causes changes in the ATP/ADP ratio in the cytoplasm resulting in closure of the ATPsensitive K + channels and thereby trigger membrane depolarization 19, 20 . This leads to the opening of voltage dependent calcium channels (VDCCs), Ca 2+ influx and to subsequent rise in [Ca 2+ ] i that promotes insulin secretion (Fig 1) ] i . The shape of transients may vary depending on agonist-type: they may be symmetrical or may have a relatively rapid rising phase with a slower falling phase (Fig 2) . Sinusoidal oscillations generally appear as symmetrical oscillations superimposed on a sustained level of [Ca 2+ ] i usually above the pre-stimulus baseline level. They resemble more closely to true sine waves. These oscillations are generally considered insensitive to variations in agonist concentrations and may simply reflect how certain cells respond to a maintained elevation of calcium 30 . A less common [Ca 2+ ] i oscillatory pattern that seems to be distinct from the spiking and sinusoidal patterns has been described by Rooney and Thomas 32 . The oscillations are highly asymmetric, consisting of a rapid increase in [Ca 2+ ] i followed by a slow decline during which the next asymmetric oscillation is initiated. Such a pattern is extremely prominent in adrenal glomerulosa cells, in neutrophils and in mucosal mast cells 33 .
In 10 . They oscillate at a frequency ranging from 2 to 5/min with duration of 3-11s (Fig 3) . They are the direct consequence of β-cell bursting electrical activity, their duration depends on glucose concentration, and they are synchronous throughout the islet 34 . In contrast, slow oscillations are characterized by smooth rising and falling phase with duration of 1-3 min and frequency of 0.2-1/min. A mixed pattern of fast oscillations superimposed on the slow pattern is also a common observation. Both the slow and fast oscillations of [Ca 2+ ] i in pancreatic islets depend on periodic entry of Ca
2+
. However, the fast ones somehow depend also on mobilization of Ca 2+ from intracellular stores 35 . (Fig 4) . The proportion of β-cells responding to glucose with the type b oscillations is higher in cells analyzed shortly after isolation than in those kept in culture for 1-2 days 36 . A critical cAMP concentration may be required for the appearance of these type b oscillations 38, 56 . 76, 77 . It is also possible that oscillations prevent mitochondrial calcium overload and damage in chronically stimulated cells 60, 78 66 and c-jun, to trigger additional events, such as the ced 3/ICE protease family members, which appear to be close to the final phase of cell death 81 . In pancreatic β-cells, increased cell death has been reported at elevated glucose concentrations when intracellular Ca 2+ is not oscillating 84 . Recently, Iwakura et al. 85 have shown that sustained enhancement of Ca 2+ influx induced by continuous exposure to glibenclamide caused apoptotic cell death in rat insulinoma cell line (RINm5F cells). These results are consistent with the concept that oscillatory [Ca 2+ ] i signals in pancreatic β-cells prevent cellular damage. In pancreatic β-cells, increased cell death has been observed at elevated glucose concentrations when [Ca 2+ ] i is not exhibiting oscillations 84 . Recently, it has been shown that sustained enhancement of Ca 2+ influx induced by continuous exposure to glibenclamide caused apoptotic cell death in rat insulinoma cell line, RINm5F cells 85 . These results are consistent with the idea that oscillatory Ca 2+ signals in pancreatic β-cells prevent cellular damage.
Role in energy homeostasis. Oscillations are less costly for maintenance of cell homeostasis 65 considering that elevation of [Ca 2+ ] i activates energyconsuming processes for extrusion of the ion 33, 60 , while shortening of the time with a raised [Ca 2+ ] i will conserve energy 64 . As an example of the efficiency of oscillatory system in conserving energy, the calculated results suggest that the dissipation of free energy is reduced by 5-10% in oscillatory glycolysis 86 .
Synchronization of cellular processes. Oscillations can be integrated in single cell or tissue level. [Ca 2+ ] i oscillations that result in asynchronous pulsatile responses in individual cells or groups of cells will be integrated into a smooth and continuous response in the total output of the tissue 31 . For example, response of single β-cell to glucose is heterogeneous -some cells display [Ca 2+ ] i oscillations, others show a sustained rise, whereas a small proportion appear unresponsive [87] [88] [89] . However, a consistent oscillatory [Ca 2+ ] i response is observed in clusters of 5-8 mouse pancreatic β-cells stimulated with 15 mM Glucose 37, 65 . The heterogeneous response of isolated cells to glucose is masked when they are organized in the whole islets as a result of a very efficient coupling mechanism, which leads to synchronous glucose-induced oscillations of [ 78, 86 . However, it has also been reported that Ca 2+ oscillations can be modulated both in frequency and amplitude [92] [93] [94] . Frequency encoding results in enhanced precision of control; it is particularly resistant to distortion by background noise 86 . Frequency dependent control systems also succeed in environments where amplitude dependent controls fail. If the [Ca 2+ ] i is to be used as an amplitude-dependent signal, in which case its level would have to be maintained at a higher concentration for prolonged periods, it would cause calcium toxicity 95 . ] i show spatial order, which has indeed functional advantage for periodicity in biological control 86 . A distinctive attribute of biological system is to do the right thing at the right time in the right place. In heart, the temporal entrainment sequence (SA-node to Purkinje fibers to the ventricles) ensures the correct spatial sequence. Failures in this entrainment process can result in some of the clinically observed cardiac arrhythmias. Thus, Durham 96 has speculated, "it is more plausible that every region (of the organism) can potentially oscillate at some frequency. Those parts with the highest inherent frequency will establish a phase lead and drive other regions. Waves will, therefore, move along membranes down gradients of inherent frequency". Another crucial biological process in which precise spatial control is of central importance is the development of multicellular organisms from a single fertilized egg cell 97 Discrimination between signal and noise. Calcium signal is digitized in the form of oscillations 95, 99 and a digitally encoded signal with the all or none property has favorable 'signal-to-noise' ratios 70, 100 . By relying on large, discrete digital events, e.g. calcium oscillations, cells can readily distinguish an "intentional" calcium signal from potentially spurious wanderings of the steady-state, cytoplasmic calcium concentration. Indeed, in the brain, bursts of electrical activity are more readily perceived as signals than are action potentials that arrive singly.
Conclusion
The periodic changes of [Ca 2+ ] i is of great physiological and pathological importance since [Ca 2+ ] i oscillates in synchrony with electrical activity and oscillations in [Ca 2+ ] i correspond to pulsatile insulin release [13] [14] [15] [16] [17] . It has also been proposed that oscillatory insulin secretion is important in terms of insulin action on target organs, perhaps because of reducing down-regulation of receptors and thereby enhancing hormone action 101 . Several studies have demonstrated a greater hypoglycemic effect of insulin infused in a pulsatile manner and an enhancement of glucose disposal [102] [103] [104] . The greater potency of pulsatile insulin administration has also been demonstrated in perifused liver and in humans with IDDM 105, 106 . Whether the loss of oscillations during the development of type 2 diabetes contributes to insulin resistance has not yet been established. But it is a widely acknowledged fact that the regular pattern of oscillatory insulin release is altered or lost in both developing type 1 and type 2 diabetes and disappearance of [Ca 2+ ] i oscillations is a sensitive indicator of β-cell damage [107] [108] [109] [110] [111] [112] . Thus, a detailed study of the mechanisms which underlay the presence of regular [Ca 2+ ] i oscillations may help to find out the molecular and physiological defects involved in the pathogenesis of diabetes.
